Values of various blood plasma tests have been determined in heavy drinkers admitted to an Alcoholism Unit and in a reference group of occasional social drinkers. These tests were total protein, albumin, bilirubin, alkaline phosphatase (ALP), gamma-glutamyl transferase (GGT), asparate amino transferase (AST) and amylase.
Regular consumption of alcoholic drinks is associated with metabolic changes. There is an association between alcohol intake and the amount of some serum or plasma constituents, particularly the activity of certain enzymes. I Raised gamma-glutamyl transferase (GGT) activity and raised aspartate aminotransferase (AST) activity have been often reported in the plasma of heavy drinkers. 2-~Some heavy drinkers do not, however, show raised activities. X Raised GGT and AST activities in plasma fall towards normal levels over a few weeks following abstinence,lll-l2 and it is thought that plasma GGT activity or plasma AST activity could be an index of alcohol consumption. There is some evidence that plasma GGT activity, measured on admission to an Alcoholism Unit, showed positive correlation with the duration of the recent drinking bout. IJ For a plasma constituent to serve as a useful
Correspondence: Dr J R Evans, Department of Biochemical Medicine, Stracathro Hospital, Brechin, Angus DD9 7QA, Scotland. index for monitoring alcohol consumption within a group of heavy drinkers two conditions should be satisfied: (1) the index must be reliable, with the intra-person and analytical variances being small in relation to the total variance of the group studied and to the magnitude of the changes being interpreted, and (2) the index must be valid, i.e. it should follow a dose-response relationship which should be similar in different individuals. Thus, to assess plasma constituents as indices of alcohol intake the relative magnitude of analytical, intra-person and inter-person variances should be measured and dose-response relationships investigated.
It is possible to estimate components of variance on data collected in a group in which two or more readings are available for each individual. IX This has been done by Cotlove and his colleagues'v '" for many serum constituents (not including GGT) in healthy volunteers. Rosalki 17 showed that the day-to-day variation of GGT activity in 10 healthy volunteers over the 3-month period was not in excess of half the 261 reference range. However, no study of intraperson variation in heavy drinking and reference groups has been reported. The studies reported in this paper were designed to determine whether AST and GGT activities could be used as indices of alcohol intake in male patients admitted to the Tayside Alcoholism Unit. For AST and GGT, the variance components, and the correlation of results with indices of alcohol intake have been estimated, so that reliability and validity could be assessed. The frequency of abnormal results and the change in abnormal results after admission has also been measured. The variance components of the other tests are reported.
Patients and methods
Forty-eight consecutive male admissions (mean age 43·5 years, SD 11·1 years) to the Tayside Area Alcoholism Unit were studied. Ten millilitres of venous blood were taken on two successive days (between 8 and 10 a.m.) beginning as soon as possible after admission. Plasma GGT,* AST,* ALP,* total protein, albumin, bilirubin and amylase" were estimated on each sample. Thereafter, blood was taken at weekly intervals for the same estimations. On admission, the following data were recorded by interviews with the patient: (i) the number of days during the previous month on which drinking sessions occurred, denoted by 'days' and (ii) the average units of alcohol consumed per day, denoted by 'units'. The units of alcohol intake were counted as 1 unit equivalent to liz pint beer (or lager) or 1 measure of spirits. The main daily alcohol consumption was 54 units (SD 28 units).
The reference group comprised 31 male volunteers of similar age distribution (mean age 40·2 years; SD 10·8 years) to the patient group. Each individual in the reference group had 10 ml of blood taken on two consecutive days between 8 and 10 a.m. and the same constituents as above were estimated in the plasma samples. An estimate of daily alcohol intake was made by each volunteer in the same way as in patient population; the mean alcohol intake of the reference group was 1·5 units (SD 1 • GGT is EC 2.3.2.2., gamma-glutamyl-peptide: amino acid gamma-glutamyl transferase. AST is EC 2.6.1.2., L-alanine: 2-oxogluterate amino transferase. ALP is EC 3.1.3.1.. orphophosphoic acid monoester phosphohydrolase. Amylase is EC 3.2.1.1., a-I,4-glucan 4-glucanohydrolase. unit). The estimations were carried out using standard laboratory techniques. Total protein (units gil) was estimated by a continuous-flow biuret method and albumin (units gil) was estimated by a continuous-flow bromocresol green method, both using Technicon AAI equipment, Bilirubin (units ILmol/l) was estimated by the Powell diazo method, amylase (units i.u./I) by the Pharmacia Phadebas method and AST, GGT (both units i.u./l) and ALP (units KAU/100ml) using the Smith Kline Eskalab enzyme system. Four quality control samples were used: (I) Warner Versatol enzyme control serum for AST, GGT, ALP and amylase; (2) Edinburgh Protein Fractionation Centre control serum for total protein, albumin and bilirubin; (3) Smith Kline Abnormal control serum for GGT. These controls were all freeze-dried control sera. The fourth quality control sample was pooled human plasma, frozen in aliquots and used for all estimations, each aliquot being frozen and thawed once only.
In both patients and reference groups, components of variance were estimated from the data obtained on the blood samples taken on successive days and from the data obtained on the quality control samples. The model used for the analysis of variance was similar to that used by Harris et al. 15 Further details are given in Appendix (i).
There was a marked skewness in the distribution of some plasma constituents, both among patients and control groups and in some of the quality control measurement distributions. Consequently, the data were analysed twice, first unaltered, and then after taking the natural logarithms of all the original measurements. We present the results as the square root of each estimated variance component, denoted by S (untransformed data) and C (Iogtransformed data). Thus S is the standard deviation of the variance component estimated from the untransformed data while C is the standard deviation of the variance component estimated from the natural logarithms of the data. C is generally numerically close to the coefficient of variation of the untransformed data and is reported as a percentage [see Appendix (iii)]. The log-transformation usually gave less skewed distributions and the analysis of variance using this data is the better analysis. It was not assumed that the analytical variance (slJ was uniform over the whole range of measurement and both variances were estimated from data observed from four quality control samples. Values of (S..o for each analyte were chosen for the quality control sample whose concentration of constituent was nearest the mean concentration of the experimental subject.
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. These percentages are the sensitivities/" for the tests from our data. Figure 1 shows all the values for GGT and AST as the mean of the two values on successive days.
The fall in GGT and AST in those patients with raised values on admission is shown in 
Results

PLASMA VAI;UES IN PATIENTS AND
CONTROLS
The arithmetic and geometric means of the control and patients groups are shown in Table  1 . The geometric means were compared as detailed in Appendix (ii). The patients group had lowered albumin and raised bilirubin, ALP, AST and GGT compared with the control group. However, the magnitude of these differences in the means was small for albumin, bilirubin and ALP and much larger for AST and GGT. Six (12'5%) of the 48 patients had a mean of two ALP estimations on successive days greater than 14 KAU, the upper reference limit (URL). Fourteen (29%) of the 48 patients had mean bilirubin value greater than 17 ILmoVI, the accepted URL for bilirubin, but only three (6·3%) had a mean value greater than 25 ILmoVI, a value which may be a better URL for males. From these, units x days was calculated as an index of total intake in the last month before admission. These variables, i.e. days, units and units x days, were tested for correlation with the mean of the two estimations on successive days for GGT, AST and ALP. Rank correlation coefficients were calculated and are shown in Table 3 . There were low correlations for both GGT and AST with the index of alcohol intake in the last month and data for these correlations are shown in 
.. weakly correlated to the number of units consumed each day.
VARIANCE COMPONENTS
The total between-batch analytical vanations (SA, C A) for the various plasma constituents are shown in Table 2 . The long-term analytical variation found by Harris et al. 15 for total protein, albumin and AST were similar to those found in this study. Table 1 shows the standard deviations corresponding to the components of variance between-persons (SG' C v), the total withinpersons (SAW, CAW) and the biological withinpersons (Sw, C w) variations for control and patient groups. For GGT and AST the group (between-person) variation was larger than the intra-personal (biological within-person) and analytical variations. In the patients group the within-person variation was less than one-half for AST and about one-fifth for GGT of the corresponding between-person variations. The analytical variations were by far the smallest components for AST and GGT in the patients group (Table 4 ). Of the other constituents amylase and bilirubin showed the greatest within-person variation while albumin and total protein, because of the small within-person variation, were the most stable constituents. Most constituents showed greater withinperson variability in the patients group, including total protein and albumin. This may be due, in part, to individual variation occurring in the process of rehydration of the patients with oral fluids, which begins in the first 24 hours of Our values of C w for bilirubin, total protein and albumin for the control groups agree with these studies but our value for ALP (C w = 11,8%) is higher than in other reports. For GGT and AST the intra-individual variation was also studied by plotting the distribution of the ratio of the measurements made on successive days. This showed that the median ratios in both control and patient groups were close to 1·2, i.e. on average there was a 20% difference of AST and GGT measured on successive days .due to a combination of true within-person and analytical variations.
Discussion
The main aim of this study was to assess the reliability and validity of AST and GGT as indices of alcohol intake. AST and GGT are reliable in that analytical variation and true biological intra-personal variation are small compared with between-person variation in both groups but particularly, and more importantly, in the patient group. The data also indicate that the mean difference in AST and GGT on successive days (due to a sum of analytical and within-person variances) was no more than 20% in both groups. Thus a single estimation would give a reasonable estimate of the current setting of AST and GGT in an individual patient.
However, AST and GGT are not valid indices of alcohol intake since (a) the correlations were rather low, and (b) the sensitivities were only about 50%. Thus, AST and GGT were not useful indices of alcohol intake during the previous month in patients admitted to an Alcoholism Unit.
The poor correlations of AST and GGT with alcohol intake could be due to:
(a) large day-to-day intra-personal variations in GGT and AST values in individual patients;
(b) poor estimates of alcohol intake data; (c) large differences in the response of AST and GGT to similar alcohol intake in different individuals.
The results of the analysis of variance shows that (a) is unlikely to be the cause of the poor correlation. The poor correlation may be due to (b). However, we doubt if improved estimates of alcohol intake could have been obtained even by interviewing family and friends. The analysis of variance shows that between-individual variances are large in the patient group and sensitivities are only about 50%. We suggest that the main reason for the poor correlations is that there are large differences in the AST and GGT response of individuals to similar alcohol intake.
